Introduction
Organic photovoltaics (OPVs) have attracted great scientific interest during the last decade due to their ease of manufacture with printable techniques and their potential to become flexible, lightweight and low cost energy sources. [1] [2] High power conversion efficiencies and prolonged lifetimes are essential for OPV commercialization. Exciting power conversion efficiencies (PCEs) of 10% have been demonstrated, 3 but long stabilities of OPVs is the next barrier that needs to be overcome. Understanding the degradation mechanisms that influence the stability of different device configurations under various environmental stress factors is still a challenging task.
In the inverted structure, the use of a high work function metal such as silver results in enhanced lifetime compared to normal structured OPVs, which are limited in stability mainly due to oxidation of the low work function metals such as calcium or aluminum. 4 Poly (3,4-ethylenedioxythiophene) 3 polystyrene sulfonate (PEDOT:PSS) is the most common material used as hole transporting layer (HTL) in both architectures. It is known that due to its hydroscopic nature, ingress of moisture and oxygen from the edges into the device can cause degradation. [5] [6] Furthermore, heat is one of the environmental factors found to significantly affect the long term stability of OPVs. Heat stability studies at operating temperature performed by Sachs-Quintana et al.
on normal structure OPVs show that a thin polymer layer forms at the back (metal) contact, which creates an electron barrier between the active layer and the cathode. 7 This is related to the interface between the back contact and the bulk heterojunction and is shown to be the first step in thermal degradation in organic solar cells with normal architecture and especially while using low glass transition temperature conjugated polymers. However, in inverted OPVs this barrier formation is favorable as it helps hole selectivity. This feature has been claimed as an additional advantage of inverted OPVs. 7 Thus, the inverted structure is preferable concerning product development targets as it can allow more design flexibility and prolonged lifetime.
However, despite its prolonged lifetime, the top electrode (the anode) of inverted OPVs has been identified as one of the most vulnerable parts of the device under various environmental stress factors. Several studies were performed that reveal the crucial influence of the interface between the active layer and HTL in the lifetime performance of inverted OPVs. 20 The reason is that oxygen and humidity ingress can alter the conductivity and work function of MoO3. [21] [22] On the other hand, the hygroscopic PEDOT:PSS in this architecture can act as a getter and protect the active layer from water interactions. 23 
Experimental
Pre-patterned glass-ITO substrates (sheet resistance 4 Ω/sq) were purchased from Psiotec Ltd. Zinc acetate dehydrate, 2-methoxyethanol and ethanolamine were purchased from Sigma Aldrich, P3HT For the fabrication of inverted solar cells, ITO substrates were sonicated in acetone and subsequently in isopropanol for 10 minutes. ZnO electron transporting layer was prepared using a sol-gel process as described in detail elsewhere. 27 The ZnO precursor was doctor bladed on top of ITO substrates and annealed for 20 min at 140 °C in ambient conditions. After the annealing step a were un-encapsulated and the lifetime study was started 1 day after device fabrication.
Results and Discussion
From our initial heat lifetime experiments comparing inverted OPVs comprised of ITO/ZnO/P3HT:PC[70]BM with a MoO3/Ag vs PEDOT:PSS:ZD/Ag top electrode, we observed a dramatic drop in all photovoltaic parameters after just a few hours of aging of the inverted OPVs using MoO3 as HTL (data not shown).
Investigating the degradation mechanisms of inverted OPVs under the ISOS-D-2 protocol using different polymer:fullerene blends and top electrode configurations
In order to obtain a general picture about the heat degradation origins of inverted OPVs, three OPVs under study were obtained just before starting the heat aging and are summarized in Table 1 . It should be noted that while some of the device performance values presented in Table 1 may be below some literature values for the device structure, the purpose of this paper is not to produce bestperforming "hero" devices. Thus the relative performance values can still be used to obtain a general picture for the degradation behavior. Figure 1 shows the normalized photovoltaic parameters over time of exposure under heat conditions of all the inverted OPVs under study. Table 2 . 17 indicating an efficient bilayer in our system. The second might be that silver migration and diffusion in the active layer through defects of the MoO3 layer is prevented by inserting the PEDOT:PSS:ZD layer, as assumed elsewhere. 26, 38 This effect of atoms diffusing into the active layer has been investigated in several works: The Wantz group has observed diffusion of silver atoms in MoO3 and organic layers, but, interestingly, they did not observe oxygen migration. 40 Additionally, the Österbacka group saw that diffusion of molecules into the active layer material causes doping effects that are detrimental to device performance. 41 Our findings for the MoO3/Ag top contact seem to reflect these behaviors. However, since upon insertion of the PEDOT:PSS:ZD layer in our inverted OPVs the detrimental effects are slowed down drastically, we believe this is a strong indication that indeed the silver top contact also influences these degradation effects.
Therefore, in our experimental approach, our observations reveal that the interfaces between the The inverted OPVs containing MoO3 HTL as produced and measured in the dark (see Figure 4) have low leakage current at reverse bias implying high shunt resistance (Rp). In addition at high forward bias they have high current density and thus low series resistance (Rs) value and therefore their diode-like behavior is better than PEDOT:PSS:ZD-containing devices and accordingly they present higher PCE values, as shown in Table 1 . Figure   5 ) and is similar in shape to the as-produced devices. This is an indicator that in these devices aging of the MoO3/Ag interface is responsible for the change in ideality factor. It should be noted that in principle we expected to reach the same efficiency with the asproduced devices. However, we assume that the exposure to moisture in combination with the heat causes faster degradation and interface modification than the uncapped devices, thereby preventing full recovery by reverse engineering the top contact.
Summary
We 
